Major adaptations occur in the maternal cardiovascular system during normal pregnancy and knowledge of these changes is essential to the management of women with cardiovascular disease. Cardiac output increases during pregnancy but the extent and timing of this increase and the underlying causes have been a subject of debate. The controversy was largely the result of differences in during pregnancy in our department.'0 In our early validatory studies cardiac output was calculated from the pulmonary, mitral, and aortic valves, which allowed us a "within patient" control for the values recorded. We initially validated these results from the aortic, pulmonary, and mitral valves against simultaneous direct Fick measurements. The correlation was good and the limits of agreement were + 0 8 1/min.'0 We also studied within patient, intraobserver, and chronological coefficients of variation for the measurements. These were all equal to or less than 5% for each of the three sites studied. The technique was then applied systematically to several serial studies of cardiac output in pregnant subjects. The results form the basis for the summary of haemodynamic changes that follows.
Major adaptations occur in the maternal cardiovascular system during normal pregnancy and knowledge of these changes is essential to the management of women with cardiovascular disease. Cardiac output increases during pregnancy but the extent and timing of this increase and the underlying causes have been a subject of debate. The controversy was largely the result of differences in investigative techniques and the design of the clinical studies. From the earliest work, of Linhard in 1915,' to the present day, investigators have vacillated between the repeatability but inaccuracy of indirect Fick methods and the potential hazards and ethical problems of longitudinal invasive investigations by dye dilution or the direct Fick method. As a result many early studies were cross sectional in design and therefore limited by the wide variations in cardiac output and stroke volume between individuals.
The non-invasive techniques of M mode echocardiography and impedance echocardiography were first used in the 1960s and 1970s. Cardiac output could be measured serially without risk or discomfort to the subject. Such techniques allowed the design of studies in which each woman acted as her own pre-pregnant control. Determination of cardiac output by impedance cardiography was described by Kubicek 2) . Cardiac output during contraction increased progressively as labour advanced till, at full dilatation of the cervix, cardiac output had increased by a mean value of 34%.
Early on in the first stage of labour this increase in cardiac output during contractions seemed to be caused by an increase in stroke volume but later on heart rate also increased.
Haemodynamic changes during the puerperium A dramatic increase in stroke volume was reported immediately after delivery, possibly caused by the relief of caval occlusion.'8 Cardiac output according to previous studies returned to non-pregnant values at six weeks.8 1318 In our studies both cardiac output and heart rate had returned to the pre-pregnant values by two weeks after delivery (fig 3) . Stroke volume had also decreased by two weeks although there was a further small reduction up to six months after delivery. If this process was looked at even more closely it became obvious that for the first two days after delivery stroke volume remained at the high values seen during pregnancy and thereafter fell dramatically. Heart rate remained raised during the first 24 hours after delivery and fell away dramatically over the next 10 days. Cardiac output remained up for 24 hours and then fell progressively until the tenth day. regress after delivery. The analogy with the exercise effect in the normal heart is interesting. dramatic reduction in volume loading followed by a return towards normal cardiac output. Structural changes within the heart reflect the volume loading of pregnancy and include dilatation of the valve ring and increase in myocardial thickness. Post partum resolution of the ventricular hypertrophy seems to take longer than the rest ofthe post partum changes. The resemblance to the cardiovascular changes associated with training and exercise are fascinating and worthy of further study.
